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Experiments for the Determination of the 
Influence of Residual Stresses on the Fatigue 
Strength of Structures. 


Ros, of Zurich, pubd ished 
issue, submitted to the Commission on 
Stresses and Stress Relieving of the Inter 
national Institute of Welding at the meeting in Par 
in June. 1950. A sernes of fatigue tests were undertaken 
by Professor Ros with the 
indication of the effect of residual stresses on 
Residual stresses were introduced by 
a plug into a round hole made in a flat plate, by pinning 
together two pieces of plate whilst under stress and by 
welding plegs into holes trepanned in flat plates. The 
that the effect of residual 


ue strength is not likely to exceed & per cent 


The report by Professor M 
in this 


Residual 


Was 


obtaining an 
fatigue 


roOrcing 


object of 


strenet} 


coneiusions are Stresses on 


fatig 


A Review of Recently Published Information 
on the Spot Welding of Light Alloys 


The purpose of this review is to provide a sun 
ng information on spot welding of light alloys as 


h 


exist Hay ‘ 

undertaken by Brits 
Association at As the field 
information 


programme has 


related to the researches being 
We a Research 


investigation is so 


present 
wide, only 
ning directly to the research 


considered 


A briet summary of the types of spot welding machine 
that are in present use rs included. This 1s followed by a 
review of information on the variables of welding 
and their effect on the { 


machines production of good 


welds 


A section on surface preparation prior 
also included 


lo welding 


The report prepared for the L.R. Committee of 
WRA Resistance Welding of Light Alloys ; 


embers of tl ( ommuttee are 


B 


as follows 


West (C hairman), Aluminium Des clooment 


Scruiky Electric Welding Machines, Ltd. : 
Northern Aluminium Co., Ltd 
Aircraft Establishment 
ry of Supply 
diard, Fulmer Research | 
Royal School of Mines 
S. Simmue, Pressed Steel Co., Ltd 
H. J. Brooks, Percival Aircraft Ltd 
bE. J. Keete. British Insulated Callender’s Cables 
P. W.) Hvde. Westland Aircraft. Ltd 
BH Pine Wilbam 


stitute 


Ltd.; 


B.O.C. Welding Research Prize 


British Welding Research A 

1949 Welding Research 

nterton, Mr. J. G. Ball 

their joint paper entitled 

tor Magnesium Alloy Sheet This 
vated by the British Oxygen Co. Ltd., 
lered to provide a Prize Fund for a 
ating to 


“ALA 
Prize 
ind Mr 
\ New 


velding for three year 


¢ ( ml have decided that the closing Jute tor 
entries | the 1950 competition shall be extended to 
sist December, 1950. A single prize of £100 is offered 
year and will be awarded tor the best paper 
submitted on a research into welding or its applications 
Full details relating to this competition can be obtained 
from the Secretary, British Welding Research Association. 


29, Park Crescent, London, W.! 
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Experiments for the Determination of the Influence of 
Residual Stresses on the Fatigue Strength of Structures 


PRO! 


By 


INTRODUCTION 


nt parts 
(resid 


shrinks 


mperature esses 
detorny both cases othe 


changes material depending on the 


lisatiot 


temperatu: t i strain | 
precipita 
exper 4 


consiceratio 


ardening, recrystal 


results <« 


the 
must be 


interpretation of 


influences taker 


th ' 


WS IS NOt always easy because c te 


methods which are required tor this purpose are either 


available at a limited number of! 
development 


complicated and are only 
laboratories or else they are still in the state of 
It is, he 
exceed 

hardness which 


tropic and 


wever, generally known that every deformat« 


the elastic limit is accompanied by an increase 


fepending on the structure, may be ants 


generally to <« 


and 


which is due fisturbances 


crvsta attice?, such as dislocations block ages 


cipitation from supersaturated solution (avcing) 


contribute to this increase in hardness 


esent 


At p 
with 


in the imvest 
behaviour to 
the ability 


iS Customary vation of ateriais 


revard to their fatigue consider only the 


strength and to ignore to deform. This may lead 


to a one-sided assessment of different treatments applied 


to structural assembles. In the case of impact loading and 


in the case of very considerable deformations in consequer 


of restraints, where it is in the first 


sustaining deformations in excess of the elastic 


become necessary to consider the adaptability of a connectio 


to the boundary conditions in addition to its fatigue strength 
In order to bring out these differences which depend on 

Conditions, d 
it the 
with 


testing umber of exploratory tests 
Institute for Mate 

parts mn constraints were 
introduced The 
these tests in detail. These experiments cannot claim to be of 
genera They 


of the sanous accompanying phenomena. It is, of 


carned out Federal Testing 


(EITM) 


Structural whict 


in different ways following is @ report of 


validity were designed to facilitate recognition 
course 
understood that these accompanying phenomena can occur 
in varying degrees depending on the particular properties of 


the material used in the investigation 


1. FLAT 
HOLE 
PLUG 


PLATE SPECIMENS 
AND WITH A 
OR A 


WITH A 
FITTED 
PRESSE D-IN 


DRILLED 
OR SHRULNK-IN 
CONICAL DOWEI 


The flat steel specimens of SO. 10 


investigation had the following 


mm 
properties in 


used in thas 


the as-rolled 
condition 

Limit of Proportionality 268% ke 
Upper Yield Point 
Ulumate Tensile Strength 
Reduction of Area 


per sq 
kg. per sq 
4-2 ke per sq 
58-0 per cent 


mm 
709 


mm 
mm, 


Dr 


M. Ros 


SO cveles 
Amster 
ubited 


fatigue 


(a) Flat machined all over with a drilled hole of 


10 mm. diameter in the centre of the specimen 


Specimen 


« reneth ithe averave stress of the 


loading) was obtained 


ipper timut of 


a mm. The theoretical stress con 
oDpta ned 


T he 


(b) Flat specimens as under (a) with a loose plug from the 
same material in the hole 


the sume result for the iste tensile 
inder (a) 


fact that 


he case of the « Or 


per sq 
+) 


mpty 


nm., despite the 
w hole already eycle 


(c) Flat specimen as under (a) with a plug of the same material 
shrunk into the hole at 200 deg. ©. and 400 deg. C, 
respectively 


Nrink age tresses) in Mi im were 
6 and 32 ke. per sq 


liameter of 15 


mm. respectively 
per cent 
mm 
~ purely elastic behaviour the stress in 


radial for an excess and -W 
respectively with 
On 


the 


the modulus | 21,000 ke. per <q 


the assumption 
hole can be calculated as follows 
28 and 56 kg. per sq 


trom this that in the 


mim. respectively, 


case of the larger 


plug the has been exceeded at the point of 


The 


thes 


Ssturess 
concentrator 


strength values which 


specimens fo 


prior to the fatigue test 
heen 
000 O00 loading cycles were 
, 226 and 24-1 kg. per 


fatigue 


have flat 


obtained for 


« P. sy. MM. respectively 


Aithough the shrinkage stress in the tangential direction 
Stress and although the stress was above the 
yield point of the material 3 

specimen shrinking a 
the hole. The increase in fatigue strength in the 
present case was |? per cent. This apparent paradox can be 
explained if it ts assumed that the stress amplitude in fatigue 


loading 1s considerably smaller than in the case of the empty 


was 4 tensiie 


the basic tensfle fatigue strength 


of the raised by 


was, never theless, 


piug into 





hole when the 
prevented 


and 


instcac 


and 


lower limit 


‘ 


ct 


iped together, 
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FRACTURE STRENGTH 
RESISTANCE ALA RUPTURE 


R=BO 
kg/mn* 


J TENSILE STRENGTH 
By F40kg/mm* 


BASIC TENSILE FATIGUE STRENGTH 
RESISTANCE A LA FATIGUE DE TRACTION 
BASIC COMPRESSION FATIGUE STRENGTH 





5" FOR SMOOTH TEST PIECES 


1 Croodman diagran i if St. N. machines 


wit! 


ig and bore is 
between upper 
p 
I 


relative movement between p 


In the limiting case the difference 


' 
Stress could ) 


P 

I 
tions, P is the applied load and 
The Pt 


present Cases, 


of where f gross 


aire 


Seu the stress 


ition factor value quite 


ver, the cold 


nately O-1 per cent 


e “cocoa” 18 given to a fine 


fretting cerrosion) and is produced when very 


rand without ttt 


reddish powder, ferrou 


SISTANCE A LA FATIGUE DE COMPRESSION 


ed p 


) the fatigue strength which has been found 
first instance to a modification 
listribution prior to and during the fatigue test. 
wrease in the present 
the point of 


buted in the 


Stresses | case the lower 
the maximum Stress concentration, 
such an extent 
of the Goodman diagram is 
1). We 


f the so-called 


ase the true stress amplitude to 


line 


ipplied loads (I have, 


> case from that 


mely, the mean stress is displaced 


le is diminished 


t the stress amplit 


vhich 1s. the 


frictional oxidization 
fitting surtaces 


product of 


sma ts occur between two closely 
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Flat specimen as under (a) with pressed-in conical dowel 
taper approximately 1 : 50 


The hardened dowel was driver te wie mn ih 


so that Luders lines appearing on the surtace extende 


the vicinity of 


the edges of the test pieces The basic 


fatigue these test pieces was 
25-0 kg. per sq 
an 

per cer rder to 

when t 


This «x 
>> 


increase tn 


determ the load in 


was pressed-i {WO S€ries ft experimer 


carned Out with the same material 
fatigue strengt 22-2 kg 


conically 


tor which the basin 
per sq 


reamed 


mm. hi 


obtained tor drilled and test pieces 


load of 2-1 


conical dowel was pressed-in by applying a 
without using a lubricant and without degreasing the sur 
specially, the basic tensile fatigue strength was 

ke mm., that is, 27 per cent 
conica pressed the 
polished with emery paper, the basic tensile fatigue strength 
was only 25-4 ky. pet that ts, 


14 


per sq more. If, howe, 


dowel was out again and bor 


sq. mm the basi 


tensile fatigue strength was increased by per 


he cold deformation of the wall of the hol 


eent 1 
comsequchice ol 
and the 
We Can recog? 


residual stresses accompanying this deformatio 


we from 


this that part of the improvement o 


the fatigue strength ts to the work 


ot 


due hardening an 


residual stresses in the wall the hole, and another part 


ws due to the modification ¢ 
quence of the 
Each ot 


14 pe: 


thickness 


f the stress amplitude ir 


the 


conse 


action of the dowel during fatigue test 


the two effects alone amounts to 4 maximum of 


cent. and this tor relatively tl Plates 


- 


PLAT SPECIMENS MACHINED 
SECTION 100 BY 20 MM... WITH A 
20 MM. DIAMETER IN THE CENTRE 
SPECIMEN WITH AND WITHOUT ENI 
HOLE BY PRESSING 


ALL OVER. CROSS 
BORE OF 
OF THI 


ARGING 


to determ the 
by cold pressing 


The pr 


were a 


ne 


spPecimMecns 


the f 


Yiel 
Vic 


on 
d Point 


i Point 


mper vield po 
piece which 
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Sv 
woes Were pressed out by means of a conical 
$5, 80 
it again 
paper 

toree 
ers lines reached the edges of the specamen. 


<r by using the following forces P 
which case the dowel was pressed o 
he bore was polished with emery 


shen the dowel was pressed with a 
gue strength of the test preces treated in 
holes ndepender ~ the degree 
the that of the 
ng, namely 

as compared 


‘aS pPracticall same 


hore not 
“hO 
w the bored 

mised from 

increase 
notch- 
against the indiscriminate 
the purpose of increasing the 
fatigue The 
the 


cS produce an 
ength in this more 


Ss a We nine 
work for 


the life of structural parts 
Subjected to the fatigue test soon after 
cold d had 


been test, 
however, required a 


ot days 
test preces and two-and-a-half to four 
and-a-t " 0 thick that 


produced The 


between 


fatigue 


time seven to cleven 
tor the CK 


mney test pMeces \%) 
na il ag ihe ready exercise & certain influence 


NICAL DOWEL S ~ @ lem 


FITTED BOLT SO 20eren 
TENONS COMIQUES «+ 


micanmQue 


omed by 


FLAT SPECIMENS AFFLICTED 


RESTRAINT 


WITH 
INTERNAT 


per 


men 
rnal 
top of 

were 

conical dowels 
nd injected 
10 


to 


Atty mim 





{a 


the speci 


strength 

1) per cent. Th 
ind the frettin 
ve movement ¢ 
on. The pre-stre 


arge that whe: 


Pre-SEPEsser 


re width 


(b) Pair of that specimens joined by two longitudinal welds 


isc of unmachined 


scukest pomnt in the 
ise to machine the 
he preceding exper 
of the flat 

th emery 


m. When 


ection 


Specimen 
paper 
{two s 
were portico. 
inter! means of 
cdges PASC 


tensite fat 


sg. mm. One m 
that the the fatigue ta 


specimen 


vair of 


ongitudinal we 
to 


s basic t 


g. pri 


betwee 
occurs in the cour 
gue strength suffers no 


ng. This 


comparison 


represents a4 


with 


very 


welding in rmvetng. tt 


Pair of flat specimens joined by tou 


oO 


LOTTE 


rauint 
considerably 
from th 


he presen 


deen 


CONCHUSIONS 


without 


Zz alter 


tresses Exist 


COLD STRAIGHTENED RECTANGULAR TEST 
PIECES ORIGINALLY SEVERELY 


CURVED 


he compre 


cle 


sutters 
vi aieiade wt rag rm V n x load 
conical dowels t ) ‘ " o 


mading 


144 kg. per sq 
| kg. per 


So-O per ce 


cold then 
1 temperature of 920 deg for 
and after norma 
ughtened. Other strips were subjected to the 
part reatmer vithout having been previous 


made by 
section of 30 by 23 


y¥ Dent. 
machining all 
peel 
in the parallel 


eme fibres of the bent 


. Strips test pieces were 
mens 

ross mm 
cold stretching of the ext 


the neutral axis of 


16-4 per cent 


; , the cold straightened 

us the wel tseit ‘ 
reached the vi un the material 

Was not 

of the specimens 


The 


had onty 


test pieces 
chon t 


sirength tor 1,000,000 loading 
basic tensile 40-4 ke. per sq. mm. respectively 
been t been bent. The corresponding 
had been bent, normalised and 


and 31:3 kg. per sq. mm. 


Ss 
alone 


the 


irfaces of the test pieces 
this that the 1 
alter 
material and which 
have not noticeably influenced 
gth of the machined test pieces 
{ mild steel 


were 
se results 

located I the 

deen ined I ne t f the 


show 


esidual 
present 


case bending 


are both 


tret 
good ts adaptability 
stresses, which are not required for 
points 
1 the present case two »Pposing 

other 


forces, at the critical 


each must be taken into 
rmation would be expected to result 
gue strength for material. This 
unfavourable 
In addition it 
case both cold 
cold compressed parts occur in the test piece 
fing on the material, may 
ng the tensile fatigue test 


LOW 
be nullitied by 

residual stresses in the piec« 
sidered hat in the 


could 


ting 


present 
lecrease in conse 

eat advantage ot exhibit different 
ust be admitted 
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5. WELDED-IN PLUGS 


NOT HEAT 


MACHINED 
TREATED 


ALL OVER, 


Welding-in of plugs produces 
been st 


fact of 


which has Ow! 


recognised expenence 


view Of 


with suc 


(a) Pilot tests with welded-in plugs 
The 


pieces of 


first tests were carr 


130 mm. width and 


trepanned hole had a diameter of 90 mm 
The t 


10,000 loading eye 


welded in with a 60 degree double V-weld 


fatigue strength of the material for | 


Was 


Kg mm. for the with mull 


per 
and 
30-2 kg. per sq 


sy material 
scale 
mm. tor the material machined 
all over 

very good for 


The Vickers-Hardness for 


This must be considered 


that thickness 


as plate material of 


S kg. load was as 

follows for the first test-prece 
in the plate H 
in the transition zone H 


in the weld metal H 


12} 
143 
164 


135 kg 
17S kg 
241 ke 


per sq 
per sq 


per sq 


These hardness measurements were carried after the 


specimen had been broken in fatigue 


out 
The weld was examined 
after the fatigue test by means of four macro-sections which 
exhibited dense appearance. The 
surface, showed an accumulation of 
other so that the fatigue failure occurred 
maturely after $23,000 cycles at a stress of 19-Skg. per sq 
A second test piece broke after 450,000 cycles at a 
of 17-0 kg. per sq. mm. The ot 
test piece exhibited weld experiments 
therefore, did not permit any conclusions to be drawn 


regard 


satisfactory fractured 


however, pores and 


small flaws 


fractured surface 


also flaws. These 
with 
to the problem under review, since the weld flaws 
result in differences in the fatigue strength which cannot be 


anticipated 


(b) Welded-in plugs Secheron first series 

The form of the test pieces in this series of tests 
same as that under The only difference was that the 
weld for the first twartests was a single V-weld of 60 degrees 
chipped out with a sealing run at the back, whilst the 


two test pieces had been welded with a double \ 


wis the 
(a) 


other 
weld 
The plate material of 30 mm. thickness when tested 
as-rolled condition 
properties 
Limit of Proportionality 
Upper Yield Point 
Ultimate Tensile Strength 


in the 
that is, with mull scale, had the following 
20-2 kg 
241 ke 
41-0 ke 
42-0 per cur 


per 
per 
per 
Reduction a 
The basic tensile fatigue strength for 1,000,000 cy 
: 22-6 ke for the 
+0 ke mm. for 

; 


mm material with 


the 


per sq 
per 


sq materia 


ati ov 
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the fatigue strength im 


red condition is due to a defect in the plate 


low value obtained for 


The 


hb 


Hardness for S kg. load 
with V-welds after the tat 
. 


} 


was 


nim 
lye 
smaner 


tests 


j 
40 


he bracture 


per sq. mm 

also in the enlarged end of the 
specrmen 

pecumen broken the enlarged end which 


the testing machine, other were 


for 


tensile 


specimens 


smatiier width for other 


ctural 


fatigue tests and 


The 
test pieces which had 


< 


hare examination basic 


been cut from 
262 ke. per sq 
specimen broke in the weld 
ower specimen broke in the plate material. We 

recogmise tron 
n the fou z 
as that « 


from the 


fatigue strength of the 


the first test piece were 3 and mm 
respectively, where the wider 


and the narrt 
this that the basic tensile fatigue strength 
welded specimens tics only very slightly 
specimens had been 


A tirm conclusion cannot be drawn, 


ow the welded which cut 


first specimen 
unfortunately, because of the fractures taking place in the 
enlarged portion of the specimens 


broke in the weld 


The only specrmen which 
the second specimen, with a single V-weld, 


howeve showed clearly that there were flaws in the 


fracture 


The 


fati 


were still 
with a V 
enlarged 


residual stresses which alter the 


weld and sealing 
portion 


present 
the first test 
broken 


gue test prece 
the 


the fatigue test 


the 
ol 
gauge length which 


run, which had in ot 


were measured after by 
ot 
hed to the specimen prior to its subdivision into 
Whi 


were relative 


specimen 
SR 4 


ittac 


means 


train gauges 20 mm 


small pieces Ist the residual stresses determined im this 


way ly small at the edge of the specimen, they 
10 ke. per 


specimen 


reached values of mm. tension at a 


the 


sq point 
the 


per 


in the axis of the exactly over weld on 


surface where the sealing run was deposited, and 4 kg 


sq. mm. tension on the reverse side 


(c) Welded-in plugs Secheron second series 


ath ot 
ot 


Was 


series the 
the dia 


the 


larger than 


first the 


neter the 


the creation of high residui ress not 


structures of dimensions which are larger 


with the plug. In order to take 


to 


account of this 


favour fracture as far as possible 


urther test pieces were made, two relatively 


two relatively wide ones, all with plugs of 
uble V weld 


id v 148 by 


The weld was a 60 deerce d 


at the point of the plug we 
and 


small test pieces 





Mi 
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OOO 00D 


he n 


Ei 


pm 


sas theret 


one Consider 


ve high-trequen 
Mts 


uned in the 


miuiternal 
Lon the bs 


ilised mute 


e 
Vicinity of 
ihe 


weld 


per sq 


my 


gc 


portion cf 


consequence 
the 


oO 40 per cen 


ites These 


matt in 
ltLke 


fatizue strengths 


he two first test 


wide test Pie 


pioeees 


be obtain 


ana 


+0. 


2 
(4) 
-O0a — 


oe 


, 


RIC STRAIN GAGES SR4 GAY 
EXTENSOMETRES OHM QUES SR4 
n 


LENGTH 20mm 
BASE 20mm 


ic Chiarged end oO re the straight 


ihe test piece 


inged into the curved portior 


test pieces cleariv prove that din of 


ceable effect on the tatigue strength, 


n the mits ot 


the w 
has no not 
cross section applying in these 


ry high residual stresses must have been present 


welded specimens is shown by measurements 
with ast specimen which 
The residual stre 
ins Of SR 4 electric 


st, Dy 


heen carried out the 


enlarged end sses were deter 


resistance Strain gauges alter 
maximum value 
piece after 
which cor- 
the vield point 
hand, showed 
ibout half that 
per cent. The 
bi-anial press, corresponding 

0-03 per cent. As has 
Stresses have been deter 


z which 


subdivision (Fig. 3). The 


observed at the edge of 


O-1t2 


tne test 
imounted to per cent 


residual tensile stress equal t 


naterial. The weld, on the other 


tangentiai direction of only 


imely, a2 maximum of U-OS> 


¢ test prece ha 


tollow stress 
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abdout 


which 


conta 


as those present the beginning « 


edge of the specimen they ¢ 


sign, Decause tensile stresses were 
be assumed with certainty tl 


Stresses must ¢ been present 


edge of the cross section which p 
of the plug, wt the centre 
were foun 


per cent 


When the deformations measure 4 the subdivision 
of the test piece with the object of determining the residual 
Stresses are considered as a whole, it appears that there was 
no equilibrium between the tensile and compressive residual 
Stresses (Fig. 3). It must be considered, however, that in 
case, apart trom the skin effect determined 
Stresses are | iy those which are present o1 


whilst in ; ‘ior of the test piece ent 


ONE 


Chastic 
}in the p 
i 


the | 


me considet 


Not 
small 


t} 
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big 5. Plug weld sécheron secor 


Measured strain from dith 


2 the fatigue test which preceded 


stresses, proot of which 


rains at the points § and 


i and unloading within 
it must be assumed 

shich has been observed 
the plug 

ne between ld and plate 
taken into account that in 
the diameter of 

erent depths, It 

the first 

have taken 

point of 

The points where the elastic 
izht at points which have 
measurement This example 
il one must in drawing the 


ic =behaviour relaxation 1s 


} 


I near; 


rom observing non tv between load and 
1 perhaps stress and strain) at a definite measur- 
xecause Of the possibility that the observed 
m the straight line relationship between P and 
‘train—-may be caused by hyper-elastic behaviour 
ts of the test piece which cannot even be explored 


vent 


esses reaching the 
meta niet WAS shown to he 


and since, Moreover, a necking extension 
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foe 


Omen OTR t 


erOmmeanOn (ab tee 


Fig. 6. Plug weld sécheron, second series, speciraen 4B 


Measured strain distribution in the cross-section for limits of k ng 15, 20, 22, 24 and 26 kg. per sq 


and lower stress lumit of I kg. per sq. mm (The plotted px . , mean hetween measureme 


both side 


6. FLAT SPECIMENS WITH AND WITHOUT SINGLE According these figures the surface pitting reduces the 
WELD BEADS DEPOSITED ON ONE OF THI basic tensil ue strength of unwelded mild steel by 
EDGES OF THE SPECIMEN 10 kg <q. mni., which ts a reduction to the same value as 

I f good welds with machined surfaces. The 

This investigation comprised a total of eight test pieces ! v wg basic tensile fatigue strength values were obtained 

with unmachined surfaces which were strongly pitted because or | louding cycles with these eight specimens of 
it was material which had been in stock for some time { y mm. cross section 

these, two test pieces were not welded and not heat trea 

two test pieces were welded and low temperature 

(stress relieved), two test pieces were welded and 

temperature annealed and two test pieces 

low temperature annealed, 


The material exhibited the f 


Limit of Proportionality 

Upper Yield Point 

Ultmate Tensile Streneth \ « g.! ro t - ul that the 
Reduction of Area 7 f f reduction t itigue strer 


. A re } pieces 
The low temperature annealing had only an insignificar 


effect on these properties 


Limit of Proportionality 
t 


pper Yield Point ke t mm iw ad not been ectes 
] 


Ultimate Tensile Strength eR ke , nm & strain gauees SR 4 wt heen 
Reduction of Area 70-0 per ce atta he t piece, showed strains af 2 cut out, 
luced in Fig. 7. The maximum value of the 
The material was mild steel of good toughnes 

relatively low yield point. The basic 


of the material was 


as 14 kg. per sq. mm. Since in all 
the wove ca , with the exception of that which has been 
marked with an asterisk where the fatigue fracture started 
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R.62 
A Review of Recently Published Information on the 
Spot Welding of Light Alloys 


(With particular reference to Stored I gy Methods) 
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